The antimicrobial mechanisms of polymorphonuclear leukocyte (PMN) granule contents can be divided into two categories based on their requirements for oxygen and reduced oxygen intermediates: oxygen dependent and independent. The oxygen-independent system is a crucial part of the total antimicrobial potential of PMN granule contents, receiving considerable attention in this laboratory and others (2, 8-10, 15, 16, 19-25) . Susceptibility of gram-negative bacteria to oxygen-independent activity appears to be mediated by outer membrane structure, particularly that of lipopolysaccharide (LPS), a major outer membrane component. Many studies suggest that the 0-antigen and lipid A moieties of LPS influence the susceptibility of gram-negative bacteria to PMN granule contents (8, 16, 19, 21, 25) . Peptidoglycan composition has also been implicated as a mediator of susceptibility to PMN granule contents (4) . We propose that outer membrane permeability is another potential mediator of susceptibility to the oxygen-independent antimicrobial activity of PMN granule contents.
To support this hypothesis, we were able to selectively alter the outer membrane permeability of Acinetobacter calcoaceticus by altering the membrane lipid composition of the organism. Makula and Finnerty (12) have shown that the fatty acid chain length of A. calcoaceticus membrane lipid reflects the length of a particular alkane serving as the sole carbon source. In this study, we examined how growth on alkane carbon sources and the consequent change in outer membrane permeability affected the susceptibility of A. calcoaceticus to isolated rat PMN granule contents. Modrzakowski and Paranavitana (15) showed that growth of A. calcoaceticus on alkanes affected the susceptibility of the organism to an isolated component of human PMN granules. However, no explanation other than altered lipid content was offered for this observation.
All experiments were carried out with A. calcoaceticus HO1-N, a laboratory-maintained strain. Cells were grown to the mid-log phase in a minimal salts medium (14) (8) . To examine the activity of individual granule components, the crude extract was fractionated by fast protein liquid chromatography as previously described (11) . Susceptibility to actinomycin D was used as a measure of outer membrane permeability. Since resistance of gramnegative bacteria to actinomycin D is due to the inability of the drug to cross the outer membrane permeability barrier (18) , any increase in permeability should be reflected by an increase in susceptibility to the drug.
Antimicrobial assays were conducted as previously described (8) . Briefly, a sample of a mid-log phase culture was washed once with phosphate-buffered saline (PBS), diluted to a concentration of 103 cells per ml of PBS, and combined as described in the figure legends with actinomycin D, crude rat PMN granule extract, or isolated granule extract fractions. After incubation, samples were plated in duplicate on Trypticase soy agar (BBL Microbiology Systems, Cockeysville, Md.) plates and incubated overnight. Viability was expressed as the number of CFU compared with that in control mixtures containing bacteria and PBS. Assays were repeated at least twice on different days. The effect of the alkane carbon source on susceptibility to actinomycin D and crude granule extract is shown in Fig. 1 Isolated fractions of granule extract were then examined to determine whether particular components were responsible for the observed permeability-dependent activity. Fractionation of crude granule extract by using fast protein liquid chromatography and a Superose 12 gel filtration column (Pharmacia, Uppsala, Sweden) as previously described (11) (Fig. 2) or against cells grown on TSB (data not shown). These results appear to be consistent with other data obtained in this laboratory (10) . An earlier study with A. calc-oaceticius grown on TSB showed that up to 75 p.g of peaks A and B and 50 pg of peak C lacked any substantial, dose-dependent antimicrobial activity. While 50 pg of peak D did possess antimicrobial activity, this quantity was much higher (approximately sixfold) than that which could be accounted for in the amount of crude granule extract (50 jig) possessing equivalent antimicrobial activity (10) . In addition, all possible combinations of two or three different peaks possessed no antimicrobial activity against TSBgrown cells (unpublished observations). These results indicate that all granule components are required for complete oxygen-independent antimicrobial activity or that some necessary granule component may be lost during chromatographic separation.
Noting the extensive evidence suggesting that LPS structure affects the susceptibility of gram-negative bacteria to PMN granule contents, we examined LPS from A. calcoaceticus for alkane-induced qualitative and quantitative alterations by using sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Changes in polysaccharide and lipid A content have been shown to affect the migration pattern of LPS in sodium dodecyl sulfate-polyacrylamide gels (7). Whole-cell lysates of cultures grown to the mid-log phase on alkanes were electrophoresed in 14% acrylamide gels and visualized with silver stain as described by Hitchcock and Brown (7) . Viability counts and optical density measurements conducted with the three cultures before lysis showed no substantial difference in cell numbers. The migration patterns and intensities of the LPS bands in sodium dodecyl sulfate-polyacrylamide gels appeared identical (data not shown), indicating that the alkane carbon source had no effect on LPS 0-antigen or lipid A morphology or quantity and that the observed changes in susceptibility to PMN granule contents and outer membrane permeability therefore occurred independently of any alterations to LPS.
This report is concerned with the role of the bacterial cell envelope in interactions between gram-negative bacteria and PMN granule contents. The rat, which has been used as an animal model in studies of human immunological functions 1, 3) , served as the source of the PMN granule contents for our studies. The contents of rat PMN granules have not been studied as extensively as those of human or rabbit PMN granules and deserve further examination. For example, rabbit and human PMN granules have been found to contain nonenzymatic, cationic proteins with potent oxygen-independent antimicrobial activity (20, (23) (24) (25) . Additional studies could determine whether the previously isola -ted cationic peptides of rat PMN granules (11) possess similar mechanisms of activity. The target organism in our studies was A. calcoaceticus, an increasingly significant nosocomial pathogen (5, 13) which, because of its readily alterable membrane (12) , is ideal for studies concerning the role of bacterial cell envelope structure in interactions with PMNs.
No single cell envelope component has been implicated more often as an effector of susceptibility of gram-negative bacteria to the antimicrobial activity of PMN granule contents than has LPS. Several studies have shown the polysaccharide 0-antigen moiety of LPS to be particularly responsible for mediating susceptibility to granule contents. It is believed that 0-antigen polysaccharide binds antimicrobial components of PMN granules, preventing them from acting on susceptible regions of the outer membrane (16) . Rough mutant strains of gram-negative bacteria, deficient in some or all of the 0 antigen, become increasingly susceptible to PMN granule contents (8, 19, 24) . Isolated LPS from Salmonella typhimurium has been shown to antagonize the antimicrobial activity of PMN granule contents, with smooth LPS (intact 0 antigen) inhibiting activity more efficiently than LPS isolated from rough strains (16) . Yet, an apparently overlooked consequence of the loss of LPS 0 antigen is an increase in outer membrane permeability (17) . Hancock (6) reported the increased uptake of a variety of agents by LPS polysaccharide-deficient bacteria. It is possible that in addition to the absence of a protective barrier, a loss of LPS 0-antigen polysaccharide makes the outer membrane more permeable to PMN granule contents, allowing bactericidal components to penetrate the outer membrane permeability barrier, where they may interfere with membrane transport or macromolecular synthesis. We suggest, therefore, that (i) the reported association of LPS roughness and susceptibility of gram-negative bacteria to PMN granule contents may not be entirely related to LPS structure itself, and (ii) outer membrane permeability, dependent or independent of LPS alterations, mediates susceptibility to PMN granule contents.
To support this hypothesis, we selectively altered the outer membrane permeability of the gram-negative bacterium A. calcoaceticus and showed that these outer membrane permeability alterations affected the susceptibility of the organism to the oxygen-independent antimicrobial activity of rat PMN granule contents. We also showed these alterations in permeability to occur independently of any observed alterations in LPS content or 0-antigen structure, suggesting a new and additional mechanism of resistance to PMN granule contents. The possibility of other alkaneinduced alterations which may affect the susceptibility of A. calcoaceticus to granule extract cannot be entirely ruled out.
Results from this study also suggest that complete rat PMN granule extract is required for antimicrobial activity against A. calcoaceticus grown on hexa-, hepta-, or octadecane. We are attempting to elucidate the mechanisms of antimicrobial action of individual rat PMN granule components and their roles in the total antimicrobial potential of PMN granule extract. 
